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Educational Objectives:

— 1) To understand how changes in episodic
memory constitute a memory disorders, with a
focus on age-related decline in episodic
memory.

— 2) To have a basic knowledge of the
biological basis of memory with an emphasis
on the anatomical substrates.

— 3) To have a basic knowledge of some
biological markers of brain aging that
correlated with memory decline.



Remote memory Is relatively intact
In older individuals

Retention of street names.
Adapted from Bahrick 1979
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Composer Aaron Copland in describing the
problems he encountered while writing his
autobiography.

“I have no trouble remembering everything
that happened 40 or 50 years ago — dates,
places, faces, music. But I'm going to be 90
my next birthday, Nov. 14t and | find that |
can’'t remember what happened yesterday.”



Taxonomy of Memory
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Declarative, episodic or explicit memory:

Memory for facts, life events; can be accessed
for conscious recollection; easy to form, easily
forgotten. Relational learning - the linking
together of stimuli, CONtext and events -
Involves a significant temporal component.



Primacy and recency effects in recall of items from
free-recall lists
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Arenberg 1976

The problem appears to be slower encoding by
aged individuals.



Forgetting curves for pictorial material:

1min 48hr 1wk 2wk 4wk

Adapted from Rybarczyk et al, 1987 Adapted from Park et al, 1988

Aging is associated with deficits in consolidation or rapid forgetting.



Mean % correct identification
AREA Elderly Students

Hall 1 12 48
Hall 2 5 28
Hall 3 4 20
Hall 4 13 33
Dinning Room 61 81
Lobby 52 85
Exterior 33 48
Weber et al, 1978

Both the ability to acquire novel
spatial information and the ability
to retain long-standing spatial
Information appear to be highly
age-sensitive processes (D. H.
Kausler Learning and Memory in
Familiar Normal Aging, 1994).

Recognition of supermarket picture (Kirasic 1991)



The Case of H.M.
Bilateral medial temporal lobectomy (amygdala, uncus, and anterior 2/3 of

hi PPpOCamMpus were removed)

Successful operation in some respects:

a) convulsions reduced in frequency and severity
b) 1.Q. increased from around 104 to 118

c) emotionally stable

BUT HIS DECLARATIVE (A) Brain areas associated with declarative memory disorders
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Memory decline is associated with decreased
hippocampal volume
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The Aging Brain

Coghnitive decline during normal aging is
not associlate with a loss of neurons. ’

Morrison & Hof, 2002.

Aging Is associated with a decrease In
brain volume and a loss of dendritic spines
In some brain regions.




What are memory traces?

Memory traces are physical
changes in the brain (e.qg.
synaptic contacts) for circuits
of neurons that process
Information.



Donald O. Hebb in 1949, posits that coincident

activity in the presynaptic and postsynaptic neurons
IS critical for strengthening the connections between

them.

What do you think of
when | say YELLOW?

PRESYNARPTIC
NEURCN

YELLOW CHAIR




Long-term potentiation (LTP) is associative. Induction requires
presynaptic activity (transmitter release) and postsynaptic
activity (depolarization).

Mechanisms for Control of LTP Induction
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Long-term potentiation (LTP)

LTP is an increase in
synaptic transmission.

Treatments that block LTP

smv

block memory (PCP, 05na L

10 msec

ethanol).

It is long lasting (months)
and it show specificity:
Cells that fire together,
wire together




Molecular mechanisms of LTP

NMDA-channel activation due to transmitter
binding and release of Mg2+ block of the channel

Rise In post-synaptic calcium
Activation of kinases (CAMKII PKA and PKC)

Phosphorylation of glutamate receptors increase
current. Activation of cCAMP-responsive element-
binding proteins (CREB)

Gene transcription
Structural changes in the synapse



Animals are tested for sensory motor deficits

Animals are trained on a
spatial learning task

Animals are tested
for spatial learning
and memory




Learning without a hippocampus
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Aging Is assoclated
- with impaired
memory for
hippocampal-
dependent tasks
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Acquisition

Retention
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Reduced synaptic strength is a marker of aging

Extracellular
recordingPP
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Hypothesis: The age-related decrease in synaptic strength
IS due to a shift in the balance of Ca?*-dependent synaptic plasticity
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Increased Susceptibility to Synaptic
Depression During Aging

oo b ho

EPSP Slope (%)
2
'N
A
>
‘\

&
I
I
I
I
|
|
I
I
|
|
%
|
I

59 LHZ o putiiionbenp
60 f 100 Hz
400 0 10 20 30 40

Time (min)



log PERFORMANCE ACCURACY

FORGETTING

In {LLTF)

RETENTION INTERVAL (DAYS)

DECAY OF LTP




Baseline

Niigerl et al (2004)
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MEMORY CONSOLIDATION

A fundamental property of long-term memory (LTM) is
that it is labile shortly after information is acquired and
becomes progressively more stable over time, a
phenomenon known as memory consolidation.

The time window appears to be about 3 hrs,
which is a rough estimate of STM and LTM.

RNA and Protein synthesis inhibitors
ECS studies



Time dependent disruption of memory by ECS
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More facts of nature: All forest animals, to this very
day, remember exactly where they were arnd
what they were doing when they heard that

Bambi’s mother had been shot.
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Memory modulation: The influence of drugs
and hormones on the memory trace

Ability to
Hemember
other

Low Arousal  High Arousal
Levels of Arousal ——

Yerkes-Dodson Law




Anatomic Basis of Declarative Memory Disorder

3. Basal forebrain Alzheimer’s patients and the elderly.
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Pharmacological treatments designed to act directly on Ca2+
regulation are not very effective at improving memory.

Biological
Markers Treatments
Gene . Genes Environment Exercise & Diet
transcription
Plasma Altered Metabolism Antioxidants
constituents Oxidative Stress Hormones
Maintenance Statins
Repair NSAIDs
Inflammation
AHP Ca2+ dysregulation Channel
Synaptic function . . blockers
- Altered synaptic plasticit
Transcription ynaptic p Y NMDAR modulators
l Nootropic agents
Decreased Hippocampal atrophy Trophic Factors

brain volume
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| Where are
memories stored?

Memories are stored in regions that process the specific
Information to be remembered and thus are distributed widely in

association cortex.

As such, focal lesions are not likely to disrupt memory as a whole.

Karl Lashley: “law of mass action”



Distinct memory systems mediating
declarative, emotional and procedural
memory functions

Main anatomic memory systems:

, Declarative memory; Episodic memory
. Emotional memory; fear conditioning;
. Motor conditioning;

. okills and Priming.



VIKI 1mages
of patient
H.M.:
Bilateral

anterior

lobectomy.




H.M.'s Memory Deficits
Minor retrograde amnesia (retro - backwards)
Normal short-term memory (digit span is normal)
PROFOUND antero (forward-acting) amnesia

Retrograde  Anterograde
amnesia | amnesia

Consolidation| Acquisition

Retrieval

TIME = I



Certain memory
processes were spared.

Procedural Memory
(nondeclarative, implicit):
throwing Frisbee, playing
the piano, riding a bike;
can't be accessed
consciously, but can be
performed without
conscious recollection;
take a long time to form,
but not easily forgotten,
motor memory.
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Word Priming: L_st

Flash Words

Enter words into the field below:

SHOE

ORAMGE
CUP Save List
IJH]E:
BUCKET Read List
MM
WATER Clear Field
PAFPER
BOOK Set Size & Alignment
LETTER
DOCTOR
STEEET Word Stem Recall
TRUCK hy
GIFL i Enter Word List

Instructions Calibrate Speed Present WWord $5tems oulT

Design Experiment Present Words Show Data Write data to file




Anatomic Basis of Declarative Memory Disorder

2. Diencephalon (thalamus) patient N.A. and bilateral
thalamic stroke patients.

Perhaps the best-
studied individual with
thalamic amnesia is the
patient N.A., who has
been amnestic since
1960 when he
sustained a penetrating
brain injury with a
miniature fencing foil.
The amnesia affected

verbal material with no
other detectable
cognitive deficits. Initial
CT studies showed a
lesion in the left
mediodorsal nucleus of
the thalamus.
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Patients with Korsakoff's Syndrome have also shown
signs of amnesia. Korsakoff's syndrome is caused by
chronic alcoholism which affects the mammillary bodies




Distinct memory systems mediating
declarative, emotional and procedural
memory functions

Main anatomic memory systems:

Declarative memory:; Hippocampus, Dorsal Medial Thalamus,
1] E . . .
Mammillary bodies, Basal Forebrain
. Emotional memory; fear conditioning; amygdala
. Motor conditioning;

. okills and Priming.



.
Hipraocampial
lormakion

sagittal iew ot the
brain showing the
location of the
amygdaloid complex of
nuclel 1n the temporal
lobe.

Coronal section through
the forebrain at the
leveel of the anmygdala.

(Purves et al

“Neuroscience”, 2nd edition,
2001, Box B, p.634)
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Post-traumatic Stress Disorder


http://www.vvnw.org/images/ptsd.gif
http://www.meaning.ca/images/article_photos/WTO2.jpg

	Aging & Rehabilitation�An Interdisciplinary Research Seminar Series
	Sponsors
	Schedule�
	Themes

